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The  placing  of  high  qtialltj  tweet  corn  in  the  hand*  of  the  contumer  has  long 
been  a  problem  that  hae  been  only  peirtially  solred.     Recently  at  least  one  of  the 
large  chain  store*  has  iner*ased  its  tales  of  sweet  com  by  conscientiously 
arran^ln^  for  rapid  aoreaent  of  highest  quality  corn  from  field  to  consumer 
while  aroidin^  high  tecperattiret  as  mich  as  possible.     This  approach  to  the 
problaa  was  presented  by  a  grower  near  Lancaster,  PtimaylTania.    ?ut  instead  of 
aaklng  bulk  shipment  by  truck  thi?  grower  wished  to  hare  a  aethod  developed  whereby 
he  could  send  taall  quant itiet  of  corn  to  fairly  distant  and  widely  scattered 
markets  i»ud  yet  aeintain  high  qtaality.     In  order  to  do  this  two  methods  of  tranR- 
portation  were  at  once  available,  i.e.  parcel  post  and  railway  express.    Ve  sug- 
fested  the  use  of  dry  ice  as  e  refrigerant  en  route  because  it  would  peralt  the 
uee  of  light  containers  that  would  hot  be  affected  by  water  from  water  ice  and 
because  of  its  possible  helpful  effect  In  producing  a  sufficiently  high  con- 
tent within  the  .container  to  preserve  some  sugar  that  would  otherwise  be  lost. 
The  container       sel«»cted  for  trial  was  that  used  by  a  dry  ice  coxpany  to  ship 
blocks  of  dry  ice,    It  consisted  of  three  layers  of  corrugated  paperboard  of 
which  only  the  outside  layer  is  bound  together  to  Bak«»  the  foundation  while  the 
Inner  two  layers  are  inserted  to  provide  additional  insulation.    The  inside 
dimensions  of  the  box  were  approximately  10  x  10  x  22  inches. 

Since  the  dry  ice  to  be  placed  in  the  containers  would  quickly  freest  any 
eora  near  it  some  type  of  insulation  was  necessary  to  protect  the  com.     The  use 
of  e  dead  air  space  in  many  types  of  insulation  (  even  the  corrugated  boxes  used  ) 
■ade  it  seem  desirable  to  u«e  such  a  dead  air  space  in  this  case,  especially  since 
one  could  be  created  easily  by  two  pieces  of  corrugated  cardboard  separated  by 
two  blocks  of  wood  (  or  even  waste  corn  cobs  ).    An  air  epace  of  about  an  inch 
was  easily  obtained  this  way  because  tne  two  extra  pieces  of  cardboard  could  be 
obtained  when  the  boxes  were  bought  and  were  already  cut  to  fit;  they  were  about 
10  inches  square.     It  whr  decided,  also,  that  th*  dry  ice  should  be  at  the  top 
of  the  padcage  which  stands  with  its  longest  dimension  upright.     This  vnuld  pro- 
Tide  a  cooling  of  the  entir*?  load  in  the  container  ae  the  heat  in  the  box  would 
ttad  to  move  to  the  top  of  the  box.     The  boxes  were  then  packaged  in  this 
\  fashion  -  the  load  was  placed  in  the  box  eo  as  to  lesve  about  four  Inches  at 
the  top  for  the  air  space  and  dry  ice. 

Preliminary  experiments  %d.th  thermocouples  soon  showed  thpt  the  air  space 
a»  described  worked  quite  well;  creating  a  difference  of  about  70®  to  80®  I*. 
^*tween  the  dry  ice  and  the  air  space  and  about  the  same  temperature  difference 
between  the  air  space  and  the  material  next  to  the  insulating  air  space.  About 
5  pounds  of  dry  ice  was  found  to  retard  the  tea^jerature  rise  within  the  box 
*ilrly  well  without  freeeing  the  material  next  to  the  insulation.     Since  a  one 
Udh  layer  of  dry  ice  (  1  x  10  x  10  inches  )  dissipattd  more  rapidly  than  the 
*vo  inch  layer  (  ?  x  5  x  10  inches)  and  because  of  its  more  rapid  dissipation 
>  one  inch  lay<ar  was  more  apt  to  frecre  material  next  to  the  insulation,  all 
pieces  of  dry  ice  used  wer<»  about  two  in'^hes  thick.     In  addition  the  effect  of 


y  Kanufactured  by  Gaylord  Container  Corp..  Ill       Uth  St.  St.  Leu!*,  Mo.,  and 
obtained  from  Mathieaon  Dry  Ice  Company. 
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the  dry  ice  could  be  prolon|;ed       wrapping;  it  In  ordinary  wrapping  paper.  A 
piece  of  dry  Ice  we  inching  about  5  pounds  and  raeaearlng  2  x  ^  x  10  inche«  vould 
last  with  diaiaiehing  effects  for  abont  2k  houre  if  placed  in  the  container  with 
a  load  precool<%d  to  about  kQ"?.  while  the  air  toaperaturo  was  about  7^  to  gO«J- 

The  corn  was  precooled.  after  shucking:  and  cutting  to  lon^th»  in  a  10-?an 
milk  cooler  rising  coll!*  to  nool  thp  vatcr  to  about  }2*f»  by  a  theraoetatic  con- 
trol.   When  corn  was  added  to  the  cooler  the  temperature  of  th*»  water  quJckly 
rose  to  about  ko^f.  or  higher  and  would  cool  only  elowly  away  from  the  c^ils  while 
ears  would  often  freeze  to  the  colls  themselves.    A  circulating  water  system 
woull  probably  eliminate  aiuch  of  this  trouble.    The  cooler  had  a  capacity  of  about 
18  to  2C  cubic  feet  of  water  and  cooled  about  500  ears  of  corn  every  half  to  three- 
quarters  of  an  hour* 

With  the  above  information  as  a  guide  five  tests  were  carried  out  (see  table 
1)  in  which  husked  sveetcorn  was  shipped  overnight  either  by  parcel  post  (soae- 
times  parcel  post  special  delivery)  or  by  railway  express.    All  containers  were 
Ki^rked  "keep  this  end  up*  on  the  end  in  which  the  dry  ice  was  placed.     So  far  a& 
could  be  detected  this  provision  was  complied  with  in  every  case     Pertinent  data 
for  these  five  testa  are  ^iv«n  in  tables  1,  2»  and  3-     Follovlng  are  additional 
facts;    the  box  customarily  used  would  hold  in  the  neighborhood  of  110  ears  when 
cut  to  six  inches  In  length,  and  weired  between  6c  and  6^  pounds  loaded  as  ueiled 
or  expressed.     Furthermore,  it  w»6  found  that  corn  packaged  in  a  horlsontal  position 
(test  1)  was  frequently  bruised^  whereas  corn  packaged  upright  (on  end)  carried 
very  well  (tests  2  to  3)*  shipments  from  Lancaster »  Pa.,  were  made  with  ears 

wrapped  individually  in  cellophane  (LST  300).    It  was  soon  found  that  ears  so 
wrapped  developed  a  sour  odor  especially  at  high  temperatures  and  although  this 
condition  could  not  be  entirely  alleviated  it  was  helped  by  puncturing  the 
cellophane  in  several  places  (10  or  12).    Also,  this  type  of  cellophane  sloughed 
off  a  layer  of  its  coating  material  when  it  became  wet  and  gave  an  unattractive 
appearance  to  the  product.    A  aiore  desirable  type  of  cellophane  would  be  one  of 
the  "adherent*  types  (as  MSAT  S5). 

Sugar  analyses  were  made  of  material  from  the  first  U  tests  including  a 
check  sample  of  corn  obtained  limedlately  after  precoollng  at  shipping  point  in 
tests  ?,  3»  And         In  preparing  the  samples  10  representative  ears  wsre  selected 
and  the  corn  was  cut  froa  one  side  of  each  ear  with  a  fharp  knife.     This  material 
w^s  mixed  and  two  ^0  gB»  samples  were  placed  in  95  percent  alcohol  and  boiled 
about  2  minutes.    £noh  saaple  was  brought  to  a  voluae  of  300     e»  with  more  95 
percent  alcohol  and  allowed  to  stand  a  month  or  more  before  being  analysed*  A 
50-)C  aliquot  of  the  sample  was  then  evaporated  at  55 ^C*  until  all  alcohol  was 
expelled  and  then  transferred  to  a  50'0-i*l    flask.    After  sufficient  basic  lead 
acetate  had  been  added  to  clear  the  solution  it  was  brought  up  to  volume, filtered 
and  deleaded  with  sodium  oxalate.    After  filtering  again  a  30-Ml.  aliquot  of  this 
solution  was  used  to  determine  reducing  sugars  according  to  the  Bertrand  modifier 
at  ion  of  the  mneon  -  Walker  method.    To  determine  total  s^igar  another  50-'Ml. 
aliquot  was  hydrollzed  overnight  with  10  ec.  of  concentrated  hydrochloric  acid 
and  then  brought  to  100-^Ml.  volume  and  ne^itralised  to  within  1  drop  of  concentrated 
sodiuc  hydroxide  in  the  presence  of  methyl  orange,    a  30-Ml.  aliquot  of  this  was 
then  run  as  for  reducing  sugar.    All  sugars  are  expressed  as  dextrose. 
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Af  for  th«  affect*  of  th«  dry  ice  In  keeping  the  quality  of  th&  corn  hi^h 
It  can  be  easily  eeen  in  table  3  that  the  boxet  that  contained  dry  ice  retained 
Bore  of  the  original  rogare  thi»n  did  the  boxes  without  dry  ice.     Despite  thi§ 
it  is  noticeable  that  there  i*as  little  or  no  difference  between  euch  boxep  when 
given  a  taste  test  by  several  m^^mbers  of  the  staff  (usually  5  or  aor©)»  Only 
in  test  ?  was  there  a  noticeable  difference  between  the  boxes  with  dry  ice  and 
that  without  it.    This  was  the  only  test  in  which  the  time  Interval  between 
pick  ing  and  precooling  was  less  than  3  hours;  tnis  is  an  indicHtion  of  the  extreme 
necessity  of  cooling  corn  Inunedlutely  after  picking.    A  Jiffy  box  (box  U,  test  2) 
was  used  in  one  case  and  the  corn  developed  an  "off"  flavor  which  was  believed 
to  be  due  to  the  effects  of  high  carbon  dioxide  concentrations  because  of  the  type 
of  Insulation  at  the  higher  temperatures  during  the  latter  part  of  the  trip*  Corn 
from  boxes  1  and  2  of  test  h  while  not  readily  distinguishable  in  taste  upon 
arrival  was  fairly  readily  differentiated  after  two  days  in  storage  at  32 •F,  The 
general  differenoe  between  the  quality  of  the  corn  with  and  without  dry  ice  was 
rather  slight  at  the  ?nd  of  about  20  hours  en  route*    £ven  though  Ryan  recording 
thermometers  placed  in  the  boxes  used  in  test  5  showed  a  continuous  temperature 
difference  in  favor  of  the  boxes  with  dry  ice,  the  results  showed  that  corn 
sufficiently  precooled  before  packaging  in  a  well  insulated  container  would 
reach  destinations  20  hours  later  in  quite  satiefactory  coniitian  wlthaut  use 
of  dry  Ice.    This  seeciB  logical  when  it  is  considered  that  the  texture  end  matirity 
of  the  corn  probably  play  n  far  more  Ijjportant  role  in  the  estimation  of  the  con- 
sumer than  do  small  differences  in  sugar  content. 

As  a  result  of  these  tests  the  grower  referred  to  previously  sent  out  orJy 
a  limited  number  of  insulated  boxes  of  husked,  wrapped,  and  precooled  sweetcorn 


Satgnary  and  Conclusions 

Precooled*  husked  and  eel lophan enwrapped  sweetcorn  was  succeesfully  shipped 
by  parcel  post  or  Ballway  Express  in  insulated  corrugated  cardboard  boxes  with 
or  without  dry  ice  en  route,  provided  the  transit  tin*  did  not  exceed  one  day. 
If  dry  ice  wes  uesd  a  dead-air  st»acft  created  with  two  pieces  of  corrugated  card- 
board provided  sufficient  Insulation  to  keep  the  corn  from  freezing  that  was  close 
to  the  dry  lce»    The  use  of  dry  ice  under  these  conditlonc  kept  the  contents  of 
the  box  as  much  as  10»F.   cooler,  retained  more  sugar  in  the  corn,  end  possibly 
permitted  the  product  to  be  kept  longer  under  refrigeration  before  being  sold 
No  difference  in  flavor  between  corn  shipped  with  and  without  dry  ice  was 
detectable  upon  arrival. 
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TAB3LE  NO.  1 


Box  So* 

1 
2 
1 
2 


Originated 
7/S    Exjnore,  Va. 

7/l6  Norfolk,  Va. 


Heccived 
7/10  Belttville,  M. 

N  tt  N 

7/17  Beltsvllle.  Md. 


Sent  By 
Parcel  Poet 

M  N 

Railway  Sxpreefi 
H  n 


2/ 


1 

2 
1 
2 

3 
U 

1 

2 

3 
U 


7/2S  Lancaster,  Pa. 

It  N 

S/12  Lancaeter,  Pa 


8/18  Lancaster,  Pa. 

R  N 


7/30  B^ltsville,  Md. 

(I  H  It 

g/13  Belttville.  Md, 

3/15  "  " 

M  0  li 

8/19  Vaehington.r.  G, 

ti  n  N 


Hailway  Sxprese 
N  n 

Hailvay  Ibcprese 

N  H 


Parcel  Post  Special  Del 


1/    Box  U  was  a  Mello  Sen  Jiffy  box  cuetooarily  ueed  for  shipping  ice  creaic. 


2/    Box  1  was  a  #1  l^athieson  dry  ice  box  mearuring  about  10  x  10  x  10  inside. 


TaBUB  I^.  2 


Ttflt 

lo. 

Box 

Average 
Orlgi- 
Hating 
Temp. 

Average 
Receiv- 
ing 
Temp. 

Hours 
£n  Roatd 

Dry  Ice 
(origin) 

Dry  loe 

(Heception) 

Teste 

Test 

1 

1 

UU 

Kone 

None 

Fair 

2 

U5»F. 

77  •F. 

Ul4 

6  Ibe. 

None 

J^lr 

2 

1 

20 

None 

None 

Fair 

2 

71  •F. 

20 

5.1  1^. 

1.2  lb. 

Oood 

3 

U7«'F. 

7U*y. 

20 

5.S  lb. 

1.0  lb. 

Qood 

3 

k 
1 

2 

U7»ir, 

3»*y. 

73  •y- 

70 

20 

1/ 

20 

1/ 

20 

1.9  l>>. 
None 
g.O  \\, 

.2  lb. 
None 
1.6  lb. 

"Off" 

Fair 

Fair 

U 

1 

52«T. 

76»y. 

19 

5.0  lb. 

0.5  lb. 

Oood 

2 

52*F, 

S2»J. 

19 
67 

Sbne 

None 

CrOOd 

3 

52«F. 
52  *f. 

93  •y, 
95  •y. 

5.0  lb. 
Kone 

None 
None 

Very  Poor 
Very  Poor 

5 

1 

58 

20 

5.0  lb. 

Approx.C.5  lb. 

2 

55  •y. 

20 

5.0  1^. 

R 

3 

56»F. 

20 

5.0  lb. 

N 

67  •y. 

20 

2?one 

None 

1/    Thcte  two  boxcfl  vore  held  at  JC^F.  for  a  day  after  p&ckagiag  while  avaiting 
dry  ice.    The  actijal  time  en  route  vaa  about  20  hours : 

2/    These  tvo  boxes  were  purposely  delay«^d  a  day  by  holding  in  the  packaging  shed 
In  an  effort  to  sinnil/^te  a  day  delay  in  delivery.    When  rasiled  after  the 
intended  delay  they  were  acttaally  delayed  an  additional  day  en  rvjte. 


TABLS  HC.  3 


Bdx  So. 

^  Reducin/^  Sugars 

^  Invert  Sugart 

Yarlwty 

1 

.93 

Cararlcroce 

2 

1/ 

\M 

3.22 

•  97 

Arietogold 

1 

.68 

1.97 

2 

.53 

2.52 

If 

'K 
J 

.69 

2,  39 

H 

u 

•95 

2.51 

It 

1/ 

Check 

.^9 

3.22 

Golden  Pride 

1 

.51 

1.93 

P 

c 

.  ^^'^ 

•1  <« 

1 

2,lU 

CarmelcrosB 

2 

1.U3 

1/ 
Check. 

.50 

2.20 

Gold^♦n  Croea 

1 

.51 

2.26 

M  It 

2 

.Ul 

\M 

«  « 

3 

.US 

1.60 

U 

.35 

3.33 

Sample  taken  at  time  of  packloi?. 


